Background-It has been suggested that health related job selection is a major cause of the healthy worker effect, and may result in inaccurate estimates of health risks of exposures in the working environment. 
(,>15% decline in forced expiratory volume in one second) was associated in both miners and controls with reduced ventilatory lung function and an increased risk of respiratory symptoms. Miners with the longest duration of work at the coal face had a low prevalence of methacholine responsiveness, compared with miners who had never worked at the coal face (12% v 39%, P < 0.01). Throughout Health effects of the working environment have often been characterized through epidemiological investigations of working populations. [1] [2] [3] [4] Complicating the interpretation of most industry based studies are selection processes that may result in the reporting of reduced specific morbidities and mortalities in certain working populations compared with the general population.5 This phenomenon has been referred to as the healthy worker effect, and has been attributed primarily to health related selection in the workforce.6 Health related job selection leads to a differential distribution of susceptibility by exposure grouping. Unless a suitable adjustment can be made, these selection processes may obscure actual adverse health consequences of exposures, lead to an underestimation of the health effects of the work environment, or result in the paradoxical observation of improved health with increasing exposure.79
Although in the past employers have excluded workers from certain jobs based on medical screening, other mechanisms of selection and their impact on studies of workers are not well understood. Workers who are ill may be unable to meet standards of performance in certain medical tests,'0 or may decline participation in health surveys." Workers who have left an industry may show greater effects related to dust than those who remain employed. [12] [13] [14] Non-specific airway hyperresponsiveness has been associated with an increased prevalence of respiratory symptoms and functional deficits in workers exposed to dust.'516 Workers susceptible to the development of symptoms or other health effects, such as those with atopy or increased non-specific airway responsiveness, may choose to work in areas with lower dust or irritant exposures.'7 18 We evaluated airway responsiveness, occupational and smoking histories, spirometry, and respiratory tract symptoms as part of a cross sectional survey of underground bituminous coal miners and non-mining controls from central Appalachia. Our Bronchitis was defined as production of phlegm on most days for at least three months for two years. Cough was similarly defined, with or without expectoration. Dyspnoea was considered to be present if shortness of breath occurred when walking at a normal pace on level ground. Persistent wheeze was present if the symptom occurred on most days or nights each week. Episodic wheeze was defined as three or more attacks of wheeze with dyspnoea in the three previous years, with normal breathing between attacks.
Spirometry was performed on all subjects with an 8 1 survey spirometer with an attached microprocessor (Eagle II, Warren E Collins, Braintree, MA). All tests were carried out at the worksite,-for example, within a bathhouse, conference room, lunch room. The standards applied were those of the American Thoracic Society 1978 Snowbird workshop. '9 Forced exhalation manoeuvres were done in the standing position with a nose clip in place. A minimum of three and generally a maximum of five traces were carried out on each subject. Volunteers whose baseline forced expiratory volume in one second (FEVy) or forced vital capacity (FVC) was less than 80% of predicted20 did not receive methacholine. If a subject produced five smooth traces without excessive back extrapolated volume or premature end, he or she was not excluded from the study if the two largest FVCs or FEVls varied by more than 5%.
METHACHOLINE TESTS
Methacholine inhalation tests were carried out before the workshift, and generally immediately after initial spirometry. Because Table 2 shows trends in methacholine responsiveness with duration of mining. As duration of mining increased, the proportion of miners who responded to methacholine declined, whether examined as years worked underground or years worked at the coal face.
The association between airway responsiveness and previous work was examined. When grouped by methacholine responses, miners' work histories showed consistent employment patterns. For the non-responsive miners, underground face work represented an average of 60% of all previous mining jobs, and in no year did face work represent less than 54% of mining jobs held (figure). In contrast, for methacholine responsive miners, underground face work averaged only 40% of their previous mine work, and this proportion was also roughly constant over all earlier years (figure). Thus, in the 15 years before the health survey, responsive miners had consistently worked in dusty jobs less often than the non-responsive miners.
LINEAR MODELS
For the miners, linear models were examined protective effect on the development or expression of increased airway responsiveness. This explanation is improbable in the light of the extensive scientific literature related to the adverse respiratory effects of mining23 and evidence for an inflammatory response to coal mine dusts.2425 A more plausible alternative explanation is that miners with increased levels of airway responsiveness and longer duration of work at the coal face remained in the workforce, but chose not to participate in the study. Such a participation bias cannot be entirely excluded, although we sought and did not identify evidence for it. There was no difference related to the duration of exposure in the proportion of responders between non-face mine workers and the control group. The study miners were similar to the entire pool of potential participants in age and duration of current employment. Also, the group of miners in the study seemed to be similar for age, sex, race, and education to the overall United States coal mining workforce, based on the results of the probability sample survey performed in 1986 by the United States Bureau of Mines. 26 The consistent difference in job histories between methacholine responsive and non-responsive miners is also more compatible with health related job selection than a participation bias in the survey.
Airway responsiveness as an indicator of health related job selection has been mentioned in other settings. Kongerud and colleagues reported that eight of 12 symptomatic Norwegian aluminum workers who transferred to unexposed jobs had bronchial hyperresponsiveness, compared with only one of 58 new employees. 27 Clearly, if such job selection is occuring, the implications for studies of occupational groups could be consequential. People responsive to methacholine have reduced FEV, levels and an increased risk of respiratory tract symptoms, and thus may have increased susceptibility to these dust related health effects. In this sudy, the least exposed group of miners, those who had never worked at the coal face, had the highest proportion of responders (39%), conversely methacholine responsive miners were less commonly identified (12%) in the high exposure category. This distribution of responders (decreasing proportion of methacholine responders with increasing exposure) tended to obscure the well known effects of mine exposure on symptoms and lung functions. The linear models also indicated that including airway responsiveness 
